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CC BY-NC-ND license (http://creativeAbstract Objective: To analyze the syndrome characteristics in patients with chronic persis-
tent asthma.
Methods: 365 patients (121 males, 244 females, 60.8  29.1 years old) with chronic persistent
asthma were enrolled in this cross-sectional study. The information of syndrome, symptoms,
signs, tongue coating and pulse were collected from all patients. The syndrome characteristics
of chronic persistent asthma were examined through the multifactor dimensionality reduction
(MDR) analysis and the results were verified by the Chi-square test.
Results: The results of the MDR analysis and the Chi-square test showed the following positive
correlation of the interaction among: the deficiency syndrome of the lung and spleen and deep
pulse, disinclination to talk due to lack of qi, fatigue, lassitude and thick tongue coating; the
deficiency syndrome of the lung and kidney and dizziness and disinclination to talk due to lack
of qi, fatigue, lassitude and pallid complexion; the syndrome of phlegm-heat obstructing the
lung and rapid pulse, abdominal distension, disinclination to talk due to lack of qi, frequent
urination and lassitude; the syndrome of phlegm-dampness obstructing the lung and disinclina-
tion to talk due to lack of qi, greasy coating, fatigue and lassitude. (P < .05 for all).
Conclusion: The syndrome of chronic persistent asthma is characterized by fatigue and lassi-
tude due to dysfunction of the lung, spleen and kidney.
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an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
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160 Y. Meng et al.IntroductionAsthma is a commonly-seen chronic inflammatory disease
of the airways characterized by variable and recurring
symptoms, airflow obstruction and bronchospasm.1 It is also
a complex disease involving many cells and mediators.2
Asthma affects 300 million people worldwide,3 with an
increasing prevalence in Western Europe (5%) and the USA
(7%) in particular.4,5 Despite the fact that there is still no
cure for asthma, it has been established in a great number
of small and large studies that many patients can reach a
good asthma control with controller treatment.6 Generally
speaking, medications used to treat asthma are divided into
two classes: quick-relief medications used to treat acute
symptoms and long-term control medications used to pre-
vent further exacerbation.7 The therapeutic options avail-
able for patients with asthma depend on the severity of the
condition. Although the symptoms can be controlled by
drug treatment in most patients, effective low-risk, non-
drug strategies could constitute a significant advance in
asthma management.1e3 Therefore, an increasing number
of patients with asthma are attracted by complementary
and alternative medicine (CAM).8 A survey showed that
roughly 50% of asthma patients used some forms of tradi-
tional Chinese medicine (TCM) therapy.9
Chronic persistent asthma is the key period in terms of
the prognosis of the disease. Guided by holistic concepts
and syndrome differentiation, TCM has shown the potential
to modulate it with herbal treatment acupuncture, mas-
sage, health care and other methods.10 As we know syn-
drome is one type of specific functional condition which
shows the response of the body to pathogenic factors. It
would be helpful to consider TCM syndrome differentiation
and treatment as one of the factors to deal with in chronic
persistent asthma.
Multifactor dimensionality reduction (MDR) analysis is
one kind of nonparametric methods without genetic model.
MDR analysis tells all the possible combinations between-
factors. According to the standard threshold, the combi-
nation of every two factors is divided into the high risk
group or low risk group. The purpose is to classify the risk
level of the combined factors and to bring high-dimensional
data down to a one dimensional model.11 Therefore, the
MDR method is beneficial to the objective rigorously to
reflect the syndrome characteristics. According to the
perspective of TCM, literature review, expert questionnaire
survey and group interviews, a cross-sectional study was
designed to explore the syndrome characteristics of chronic
persistent asthma, which might be of great value to sec-
ondary prevention and TCM comprehensive intervention
strategy for chronic persistent asthma.
Methods
Subjects
365 outpatients with chronic persistent asthma were
enrolled from the China-Japan Friendship Hospital, Xiyuan
Hospital affiliated to the China Academy of Chinese Medical
Sciences, Dongzhimen Hospital affiliated to the Beijing
University of Chinese Medicine, and Beijing Hospital ofTraditional Chinese Medicine affiliated to the Capital Med-
ical University from October 2012 to April 2013. Of them,
190 cases were from the China-Japan Friendship Hospital,
62 from Xiyuan Hospital, 93 from Dongzhimen Hospital, and
20 from Beijing Hospital of Traditional Chinese Medicine.
Diagnostic criteria
Asthma was diagnosed according to the National Guidelines
for the Diagnosis and Management of Asthma in China.12
TCM syndrome was differentiated according to the Clin-
ical Research Guideline of New Drugs for Traditional Chi-
nese Medicine.13
Inclusion and exclusion criteria
Chronic persistence asthma is referred to weekly occur-
rence of symptoms at various frequencies and/or degrees
(wheezing, shortness of breath, chest tightness, coughing,
etc.). Patients would be required to complete the baseline
asthma diary. Written informed consent was obtained from
each participant. Participants of both genders aged at
18e90 years were recruited from above 4 hospitals. Stan-
dard of diagnosis is listed as follows: (1) Common signs and
symptoms of asthma include: recurrent wheezing, cough-
ing, breathing problem, chest tightness; (2) Reasons of
attack or seriousness; (3) Scattered or diffuse expiratory
wheezing sound heard in the lung on attack; (4) Above
symptoms relieved or disappeared after treatment; (5)
Conditions other than asthma ruled out; (6) In case of
absence of typical symptoms, lung function tests employed
to confirm. These include positive challenge test, positive
bronchodilator test (an increase in FEV1 of 12% and
200 mL), and mutation rate of PEF  20% one day/two
weeks. Participants were excluded if they suffered from
other diseases with breathlessness or dyspnea, such as
bronchiectasis, cor-pulmonale, pulmonary fibrosis, tuber-
culosis, pulmonary abscess, lung cancer, chronic obstruc-
tive pulmonary disease and so on. Female participants were
not eligible if they were in the state of pregnancy or
lactation. The following conditions were also the excluded
items: complicated with serious life-threatening diseases,
such as heart and brain blood vessel disorders, liver, kidney
and hematopoietic system disease and psychotic patients.
Clinical design and data-collecting methods
Clinical information of patients with chronic persistent
asthma in the study were collected from the TCM Clinical
Research Information Sharing System. Different hospitals
share the information through virtual network transmission.
Research procedures
(1) Case Report Form (CRF) was formulated; (2) Those
graduate students who had passed the required examina-
tion were employed in the research team. All the staff were
familiar with the study method, techniques and content
through training; (3) Pre-investigation: The expected weak
points of the study were investigated and the CRF table was
improved; (4) Information acquisition: Patients’
Table 2 Syndrome distributions.
Syndrome Case Percentage
Deficiency in the lung and spleen 101 27.67%
Deficiency in the lung and kidney 64 17.53%
Phlegm-heat obstructing the lung 58 15.89%
Phlegm-dampness obstructing the lung 41 11.23%
Deficiency in the spleen 12 3.29%
Qi deficiency in the spleen and kidney 10 2.74%
Wind-phlegm blocking the lung 9 2.47%
Phlegm and blood stasis
obstructing the lung
9 2.47%
Blood stasis 8 2.19%
Kidney-yang deficiency 8 2.19%
Mixed coldness and heat 7 1.92%
Kidney-qi deficiency 7 1.92%
Deficiency in the lung,
spleen and kidney
6 1.64%
Lung-dryness due to
deficiency of yin
6 1.64%
Lung-qi deficiency 6 1.64%
Liver-qi stagnation 5 1.37%
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history, previous history, family history, current symptoms,
tongue manifestation, pulse condition, syndrome differen-
tiation based on four TCM methods e looking, listening,
questioning and pulse-feeling. The syndrome differentia-
tion was confirmed by two doctors (at least associate chief
physician). (5) Quality control: In each survey point, doc-
tors (at least associate chief physician) were designated as
guidance for quality control to ensure the authenticity and
accuracy of the records of investigation; (6) Data manage-
ment: Data were managed by Mysql Server 5.0 and adopted
by double data-entry to ensure the accuracy and reliability.
Statistical analysis
The SPSS 13.0 statistical software was used for the analysis.
Continuous variables were expressed as mean (SD). Cate-
gorical data were described by frequency tables, percent-
age or constituent ratio and analyzed by the Chi-square
test. The syndrome characteristics of chronic persistent
asthma were evaluated by the MDR analysis and validated
by the Chi-square test. Statistical significance was set at
P < .05.
Results
Clinical data
Totally 365 chronic persistent asthma patients were
enrolled, aged from 18 to 90 years and the mean age was
60.8  29.1. The general clinical characteristics of patients
show in Table 1.
Syndrome characteristics
The distribution of syndrome types of chronic persistent
asthma shows in Table 2.
MDR analysis
Based on the above statistics analysis, the four syndromes
deficiency in the lung and spleen, deficiency in the lung and
kidney, phlegm-heat obstructing the lung, phlegm-Table 1 Demographics and clinical characteristics of
patients.
Category Case Percentage
Gender Male 121 33.15%
Female 244 66.85%
Smoking history Yes 128 35.07%
No 237 64.93%
Drinking history Yes 113 30.96%
No 252 69.04%
Allergic history Yes 147 40.27%
No 218 59.73%
Family history of asthma Yes 315 86.30%
No 50 13.70%dampness obstructing the lung met the inclusion criteria
of the MDR analysis Figures showed that the syndrome of
deficiency in the lung and spleen was interacted with deep
pulse, disinclination to talk due to lack of qi, fatigue,
lassitude and thick coating (Figs. 1 and 2). The syndrome of
deficiency in the lung and kidney was interacted with
dizziness, disinclination to talk due to lack of qi, fatigue,
lassitude and pallid complexion (Figs. 3 and 4). The syn-
drome of phlegm-heat obstructing the lung was interacted
with rapid pulse, abdominal distension, disinclination to
talk due to lack of qi, frequent urination and lassitude
(Figs. 5 and 6). The syndrome of phlegm-dampness
obstructing the lung was interacted with disinclination to
talk due to lack of qi, greasy coating, fatigue and lassitude
(Figs. 7 and 8). The Chi-square test showed the correlation
of the interaction between different variables (Table 3).
Discussion
In recent years, statistical methods applied to TCM syn-
drome studies such as logistic regression analysis, cluster
analysis, principal component analysis, and multivariate
statistics have made great achievements. However, owing
to the holistic, nonlinear, dynamic, complex characteristics
of syndromes, studies using classical statistical methods
have many limitations.14 For instance, although the logistic
regression could analyze the collinearity between syn-
drome factors, it would influence the reliability and sta-
bility of the logistic regression mode. Currently, MDR has
been proved a reliable method in study of the interaction
between different variables and has been an emerging hot
spot.15e18 The method was first proposed by Ritchie,
et al19during their study on the sporadic breast cancer in
2001 and it has been wildly used in interaction analysis of
cardiovascular disease, hypertension, diabetes, cancer and
many other genetic diseases thereafter.20 Its biggest
Figure 1 Network diagram of interaction between variables in deficiency in the lung and spleen.
Note: Lines between the variables indicate the type and degree of the interaction. The thicker the line between the variables, the
stronger the interaction is between the two variables. The different color represents negative or positive interaction. From the
orange, yellow to blue color, the interaction transforms from positive synergistic effect to negative synergistic effect. However,
the statistical interaction is not necessary to be consistent with the biological interaction. It has to be verified in the source data to
demonstrate whether the correlation is biologically negative or positive. The same is as below.
Figure 2 Dendrogram of interaction in deficiency in the lung and spleen.
Note: The stronger the interaction between the two modes, the closer it is to the right of the figure. The weaker interaction is
almost at the left of the figure. The same is as below.
162 Y. Meng et al.advantage is the ability to simultaneously detect and
characterize the interaction between multiple factors
which could influence the outcomes and do not need to
consider the main effects when analyzing various factors
and interaction of each level. Even when a potential main
effect has no statistical significance, high level interaction
could also be found, avoiding the blindness and difficulty of
choosing interaction terms in traditional parametric sta-
tistical methods (such as logistic regression).14
In TCM syndrome study, there are lots of interaction
phenomena, and most variables are non-linear data. MDR
might be a potential method and is anticipated to find the
interaction among the complicated TCM syndromes as well
as their relationship with the outcome. However, the
adoption of MDR in research of TCM syndrome has not yet
been reported at home and abroad. Therefore, in thismulti-center study, we have chosen the MDR method to
explore the interaction among syndrome characteristics of
chronic persistent asthma. The results showed that defi-
ciency in the lung and spleen was positively interacted with
deep pulse, disinclination to talk due to lack of qi, fatigue,
lassitude and thick coating. Deficiency in the lung and
kidney was positively interacted with dizziness, disinclina-
tion to talk due to lack of qi, fatigue, lassitude and pallid
complexion. Phlegm-heat obstructing the lung was posi-
tively interacted with rapid pulse, abdominal distension,
disinclination to talk due to lack of qi, frequent urination
and lassitude. Phlegm-dampness obstructing the lung was
positively interacted with disinclination to talk due to lack
of qi, greasy coating, fatigue and lassitude. Generally, the
syndrome characteristics of chronic persistent asthma are
fatigue and lassitude which involve the dysfunction of the
Figure 3 Network diagram of interaction between variables in deficiency in the lung and kidney.
Figure 4 Dendrogram of interaction in deficiency in the lung and kidney.
Figure 5 Network diagram of the interaction between variables in phlegm-heat obstructing the lung.
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Figure 6 Dendrogram of interaction in phlegm-heat obstructing the lung.
Figure 7 Network diagram of the interaction between variables in phlegm-dampness obstructing the lung.
Figure 8 Dendrogram of interaction in phlegm-dampness obstructing the lung.
Table 3 Correlation verification of the MDR analysis results (case, %).
Model of MDR The clinical syndrome X2 P Correlation
Yes No
Deficiency in the lung and spleen Yes 219 (60.00) 2 (0.68) 7.077 0.008 Positive
No 136 (37.26) 8 (2.10)
Deficiency in the lung and kidney Yes 216 (59.18) 3 (0.83) 3.856 0.0496 Positive
No 139 (38.08) 7 (1.95)
Phlegm-heat obstructing the lung Yes 218 (59.73) 3 (0.83) 4.017 0.0451 Positive
No 137 (37.53) 7 (1.95)
Phlegm-dampness obstructing the lung Yes 220 (60.27) 2 (0.68) 7.19 0.0073 Positive
No 135 (36.99) 8 (2.10)
164 Y. Meng et al.lung, spleen and kidney. The current treatment suggested
for asthma is aimed at controlling the disease, for example
through inhaled corticosteroid or the combined use of
inhaled corticosteroid and a long-acting b2 agonist or
leukotriene receptor antagonist. Now it is a common
practice to treat asthma with integrated traditional Chi-
nese and Western medicine. Syndrome differentiation and
treatment is the essence of TCM. Therefore, accuratepractice of syndrome differentiation is the precondition to
improve effect. Hence, this study could assist in identifying
syndrome characteristics of chronic persistent asthma.Conflict of interests
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